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(57) Abstract 

A method of removing a selected gaseous component from a stream of fluid containing a plurality of gaseous components is provided. 
Hie stream is induced to flow at supersonic velocity through a conduit so as to decrease the temperature of the fluid to below a selected 
temperature at which one of condensation and solidification of the selected component occurs thereby forming particles of the selected 
component, the conduit being provided witfi swiri imparting means to impart a swirling motion to the stream of fluid thereby inducing the 
particles to flow to a radially outer section of a collecting zone in the stream. A shock wave is created in the stream so as to decrease the 
axial velocity of the fluid to subsonic velocity, and the particles are extracted into an outlet stream from said radially outer section of the 
collecting zone, wherein the shock wave is created downstream the swirl imparting means and upstream the collecting zone. 
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REMOVING A GASEOUS COMPONENT FROM A FLUID 

The present invention relates to removing of one or 
more gaseous components from a stream of fluid. More 
particularly the invention relates to removing of a 
gaseous component from a fluid stream by decreasing the 
5 temperature of the fluid to below a selected temperature 

at which one of condensation and solidification of the 
selected component occurs thereby forming particles of 
the selected component, and separating the particles from 
the stream. Such separation can find application in 

10 various industrial processes, for example in removing of 

carbon dioxide from flue gas, in air-conditioning (water 
removal) and in drying of natural gas before distributing 
the gas into a network of pipelines. The term ^'natural 
gas" is applied to gas produced from underground 

15 accumulations of widely varying composition. Apart from 

hydrocarbons, natural gas generally includes nitrogen, 
carbon dioxide and sometimes a small proportion of 
hydrogen sulphide. The principal hydrocarbon is methane, 
the lightest and lowest boiling member of the paraffin 

20 series of hydrocarbons. Other constituents are ethane, 

propane, butane, pentane, hexane, heptane, etc. The 
lighter constituents, e.g. up to butane, are in gaseous 
phase at atmospheric temperatures and pressures. The 
heavier constituents are in gaseous phase when at 

25 elevated temperatures during production from the 

subsurface and in liquid phase when the gas mixture has 
cooled down. Natural gas containing such heavier 
constituents is known as ^^wet gas" as distinct from dry 
gas containing none or only a small proportion of liquid 

3 0 hydrocarbons . 
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Dutch patent application No. 8901841 discloses a 
method of removing a selenf^n iscioses a 

stream of fluid contain " '""^ ^ 

rxuxd containing a plurality of gaseous 

components, wherein the str«.™ • • / 

tne stream is induced to flow a^ = 
supersonic velocitv i-hr-^, u ^ 
th. . ^ '^^"'^"^t so as to decrease 

the temperature of the fiiHH ,• decrease 

tne fluid in the conduit to beln^ i-i, 
condensation point of the selec^.H 

forming condensed particles of tT T""' ''^^^'^ 
The conduit is pro:ided h L " 

-part a swirling motion to the r roTf\^^^^^^^^^^ ^ 
at supersonic velocity Th« . . ""^"^ 
evh..^^ ^ ■ condensed particles are 

extracted in a first outlet str*.a,n ^ 

section Of the stream and ' "^'"''^ 

" ^"^ remaining fluid is 
collected in a second outlet str... . 

of th« =^ ouciet stream from a central part 

Of the stream. The velocity m said radially outer 
section and in said central part of the stream is 
supersonic. " 

in an embodiment of the device for separating a aas 
from a gas mixtur*. ^ •■ -mating a gas 

g s mixture as disclosed in NL-8901841, seoar.^o 
shock waves occur in the first anH . separate 

1 iirst and second outlet streams 

leading to a relatively larr,^ ^i streams, 
fluid Furth.. ^ " resistance of the 

relat- -paration efficiency is 

relatively low so that substantial amounts of the 
condensed particles are still present In ^>, 
outlet stream. 

It is an Object of the invention to provide an 

cZr?;"" '''' ™^ ^ ^aseou 

component from a stream of fluid containing a plurality 
of gaseous components. PJ-uraiity 

In accordance with the invention there is orov,-^ h 
method of removing a select.^ Provided a 

stream of fi -h ^^^^^^^^ gaseous component from a 

stream of fluid containing a plurality of gaseous 
components, the method comprising the steps of 
- inducing said stream to flow at supersonic 'velocity 
through a conduit so as to decrease the temperatu e ' 
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the fluid to below a selected temperature at which one of 
condensation and solidification of the selected component 
occurs thereby forming particles of the selected 
component, the conduit being provided with swirl 
imparting means to impart a swirling motion to the stream 
of fluid thereby inducing the particles to flow to a 
radially outer section of a collecting zone in the 
stream; 

creating a shock wave in the stream so as to decrease 
the axial velocity of the fluid to subsonic velocity; 

extracting the particles into an outlet stream from 
said radially outer section of the collecting zone, 
wherein the shock wave is created downstream the swirl 
imparting means and upstream the collecting zone. 

In accordance with another aspect of the invention 
there is provided a device for removing a selected 
gaseous component from a stream of fluid containing a 
plurality of gaseous components, comprising: 

means for inducing said stream to flow at supersonic 
velocity through a conduit so as to decrease the 
temperature of the fluid to below a selected temperature 
at which one of condensation and solidification of the 
selected component occurs thereby forming particles of 
the selected component, the conduit being provided with 
swirl imparting means to impart a swirling motion to the 
stream of fluid thereby inducing the particles to flow to 
a radially outer section of a collecting zone in the 
stream; 

means for creating a shock wave in the stream so as 
to decrease the axial velocity of the fluid to subsonic 
velocity; 

means for extracting the particles into an outlet 
stream from said radially outer section of the collecting 
zone, wherein the means for creating the shock wave is 
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arranged to create the shock wave downstream the swirl 
imparting means and upstream the collecting zone 

It was found that the separation efficiency is 
Significantly improved if collection of the particles in 
the collecting zone takes place after the shock wave 
I.e. .n subsonic flow rather than in supersonic flow' 
Th.s is because the shock wave dissipates a substantial 
amount of kinetic energy of the stream and thereby 
strongly reduces the axial component of the fluid 
velocity while the tangential component (caused by the 
swxrl imparting means) remains substantially unchanged 
AS a result the density of the particles in the radially 
outer section of the collecting zone is significantly 
higher than elsewhere in the conduit where the flow is 
supersonic. It is believed that this effect is caused by 
the strongly reduced axial fluid velocity and thereby a 
reduced tendency of the particles to be entrained by a 
central «core" of the stream where the fluid flows at a 
higher axial velocity than nearer the wall of the 
conduit. Thus, in the subsonic flow regime the 
centrifugal forces acting on the condensed particles are 
not to a great extent counter-acted by the entraining 
action of the central «core" of the stream, so that the 
particles are allowed to agglomerate in the radially 
outer section of the collecting zone from which they are 
extracted. 

Preferably the shock wave is created by inducing the 
stream of fluid to flow through a diffuser. A suitable 
diffuser is a supersonic diffuser. 

In an advantageous embodiment, the collecting zone is 
located adjacent the outlet end of the diffuser. 

Further drying of the fluid stream is suitably 
achieved by introducing the outlet stream of collected 
particles into a gas/liquid separator to separate a 
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gaseous fraction of the outlet stream from a liquid 
fraction thereof. 

Advantageously, the gaseous fraction of the outlet 
stream is mixed with the stream of fluid induced to flow 
at supersonic velocity through the conduit. 

Suitably the means for inducing the stream to flow at 
supersonic velocity comprises a Laval-type inlet of the 
conduit, wherein the smallest cross-sectional flow area 
of the diffuser is larger than the smallest cross- 
sectional flow area of the Laval-type inlet. 

In an attractive embodiment of the invention the 
fluid forms a natural gas produced from an earth 
formation/ and said selected temperature is defined by 
the condensation point of the selected component whereby 
condensed particles of the selected component are formed, 
which particles agglomerate to a liquid outlet stream. 

The selected component is, for example, one or more 
of ethane, propane, butane, pentane, hexane, heptane and 
octane. 

The invention will be described in more detail by way 
of example with reference to the drawings in which: 

Fig. 1 shows schematically a longitudinal cross- 
section of a first embodiment of the device according to 
the invention; and 

Fig. 2 shows schematically a longitudinal cross- 
section of a second embodiment of the device according to 
the invention. 

In Fig. 1 is shown a conduit in the form of an open- 
ended tubular housing 1 having a fluid inlet 3 at one end 
of the housing, a first outlet 5 for substantially liquid 
near the other end of the housing, and a second outlet 7 
for substantially gas at said other end of the housing. 
The flow-direction in the device 1 is from the inlet 3 to 
the first and second outlets 5, 7. The inlet 3 is of the 
Laval-type, having a longitudinal cross-section of 
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converging - diverging shape in the flow direction so as 
to induce a supersonic flow velocity to a fluid stream 
Which is to flow into the housing via said inlet 3. The 
housing 1 is further provided with a primary cylindrical 

part 9 and a diffuser 11 wher^hu ^ • 

wnereby the primary cylindrical 

part 9 is located between the inlet 3 and the diffuser 
11. one or more (e.g. four) delta-shaped wings 15 project 
radially inward from the inner surface of the primary 
cylindrical part 9, each wing 15 being arranged at a 
selected angle to the flow-direction in the housing so as 
to impart a swirling motion to fluid flowing at 
supersonic velocity through the primary cylindrical 
part 9 of the housing 1. 

The diffuser 11 has a longitudinal section of 
converging - diverging shape in the flow direction, 
defining a diffuser inlet 17 and a diffuser outlet 19 
The smallest cross-sectional flow area of the diffuser is 
larger than the smallest cross-sectional flow area of the 
Laval-type inlet 3. 

The housing 1 further includes a secondary 
cylindrical part 17 having a larger flow area than the 
primary cylindrical part 9 and being arranged downstream 
the diffuser 11 in the form of a continuation of the 
diffuser 11. The secondary cylindrical part 17 is 
provided with longitudinal outlet slits 18 for liquid 
which slits 18 are arranged at a suitable distance from 
the diffuser outlet 19. 

A liquid outlet chamber 21 encloses the secondary 
cylindrical part 17, and is provided with the afore- 
mentioned first outlet 5 for substantially liquid. 

The secondary cylindrical part 17 debouches into the 
aforementioned second outlet 7 for substantially gas 

Normal operation of the device 1 is now explained for 
the application of drying of natural gas. This is by way 
of example only, and the device 1 is equally suitable for 
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application in other process schemes where gases other 
than hydrocarbon are to be treated. 

A stream of natural gas including lighter and heavier 
gaseous components, such as methane, ethane, propane, 
butane, pentane, hexane etc., is introduced into the 
Laval-type inlet 3 . As the stream flows through the 
inlet 3, the stream is accelerated to supersonic 
velocity. As a result of the strongly increasing velocity 
of the stream, the temperature of the stream decreases to 
below the condensation point of the heavier gaseous 
components (e.g. pentane, hexane, etc.) which thereby 
condense to form a plurality of liquid particles. As the 
stream flows along the delta-shaped wings 15 a swirling 
motion is imparted to the stream (schematically indicated 
by spiral 22) so that the liquid particles become 
subjected to radially outward centrifugal forces. When 
the stream enters the diffuser 11 a shock wave is created 
near the downstream outlet 19 of the diffuser 11- The 
shock wave dissipates a substantial amount of kinetic 
energy of the stream, whereby mainly the axial component 
of the fluid velocity is decreased. As a result of the 
strongly decreased axial component of the fluid velocity, 
the central part of the stream (or '"core") flows at a 
reduced axial velocity so that there is a reduced 
tendency of the condensed particles to be entrained by 
the central part of the stream flowing in the secondary 
cylindrical part 17. The condensed particles can 
therefore agglomerate in a radially outer section of a 
collecting zone of the stream in the secondary 
cylindrical part 17. The agglomerated particles form a 
layer of liquid which is extracted from the collecting 
zone via the outlet slits 18, the outlet chamber 21, and 
the first outlet 5 for substantially liquid. 

The dried natural gas is discharged through the 
second outlet 7 for substantially gas. 
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for ll ' ' eir^odiment of the device 

for carrying out the invention, the device having an 
open-ended tubular housino 9^ . ■ 

inlet 25 at one end H / ' Laval-type fluid 

at one end and a first outlet 27 for 

sub t t,,ny u,uid at t.e cth„ the housin. The 

ncw-d.xectxo„ for fl„i. i„ indicated! 

P«t ahd a diverging part 39. A d.ita-ahaped „i„„ 
projects radially inward in fi,. • ' 
Dart 31 ■ primary cylindrical 

part 33, the wing 37 being arranged at a selected an„, 
to the now-directlon in the ho„.i„g ao as t l^ t 
swirUng «tio„ to fluid flowing .t supersonic velocity 
through the housing 23. . tube-shaped second outlet," 
for substantially gas extends through the first outlet 27 

a?:::? """""^ ^ ^ 

part 7 :r °' cylindrical 

part 37. The outlet 43 i 

" " internally provided with a 

r nsl" ^-^^ ' straight ner. 

f« transferrin, swirling fiow of the gas into straight 

Nor-al operation of the second e„*odiment is 
substantially similar to normal operation of the first 
embodiment, i.e. aupersonic swirling flow occurs In ha 
primary cylindrical part 33. the shoe. „„e occurs near 

L drcttrt":" " ~- 

cyiindrical part 37, subsonic flow occurs in the 

secondary cylindrical part 37 hh« i ■ 

through i-K ^^''"^'^ discharged 

through the farst outlet 27, and the dried gas is 

discharged through the second outlet 43 in which the 

low :"\r°" " " -"^.^t 

flow by the straightener. 

In the above detailed description, the housing, the 
primary cylindrical part th^ Hi 

part, the diffuser and the secondary 
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cylindrical part have a circular cross-section. However, 
any other suitable cross-section of each one of these 
items can be selected. Also, the primary and secondary 
parts can alternatively have a shape other than 
cylindrical, for example a frus to-conical shape. Further- 
more, the diffuser can have any other suitable shape, for 
example without a converging part (as shown in Fig. 2) 
especially for applications at lower supersonic fluid 
velocities . 

Instead of each wing being arranged at a fixed angle 
relative to the axial direction of the housing, the wing 
can be arranged at an increasing angle in the direction 
of flow, preferably in combination with a spiralling 
shape of the wing. 

Furthermore, each wing can be provided with a raised 
wing-tip (also referred to as a winglet) . 

Instead of the diffuser having a diverging shape 
(Fig. 2), the diffuser alternatively has a diverging 
section followed by a converging section when seen in the 
flow direction. An advantage of such diverging - 
converging shaped diffuser is that less fluid temperature 
increase occurs in the diffuser. 

To increase the size of the condensed particles, the 
boundary layer in the supersonic part of the stream can 
be thickened, e.g. by injecting a gas into the supersonic 
part of the stream. The gas can be injected, for example, 
into the primary cylindrical part of the housing via one 
or more openings provided in the wall of the housing. 
Suitably part of the gas from the first outlet is used 
for this purpose. The effect of such gas-injection is 
that less condensed particles form in the supersonic part 
of the stream resulting in larger particles and better 
agglomeration of the larger particles. 
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CLAIMS 

1. A method of removing a selected gaseous component 
from a stream of fluid containing a plurality of gaseous 
components, the method comprising the steps of: 

inducing said stream to flow at supersonic velocity 
through a conduit so as to decrease the temperature of 
the fluid to below a selected temperature at which one of 
condensation and solidification of the selected component 
occurs thereby forming particles of the selected 
component/ the conduit being provided with swirl 
imparting means to impart a swirling motion to the stream 
of fluid thereby inducing the particles to flow to a 
radially outer section of a collecting zone in the 
stream; 

creating a shock wave in the stream so as to decrease 
the axial velocity of the fluid to subsonic velocity; 
and 

extracting the particles into an outlet stream from 
said radially outer section of the collecting zone, 
wherein the shock wave is created downstream the swirl 
imparting means and upstream the collecting zone. 

2. The method of claim 1, wherein the fluid forms a 
natural gas produced from an earth formation, and said 
selected temperature is defined by the condensation point 
of the selected component whereby condensed particles of 
the selected component are formed. 

3. The method of claim 2, wherein the selected component 
is one or more of ethane, propane, butane, pentane, 
hexane, heptane and octane. 

4. The method of any one of claims 1-3, wherein the 
shock wave is created by inducing the stream of fluid to 
flow through a diffuser. 
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5. The method of any one of claims i . . 

outlet 3t.ea. is introduce. ^7 ^l^:?''^ '^'^ 
to separate a gaseous fraction of the o .eT T'^^'^^ 
a liquid fraction thereof. 

6. The method of claim 5, wherein 

is mixed With the str.» ' f""" "^^'^ gaseous fraction 

T^ne stream of fluid induced ^o -fi 
supersonic velocity ^K v -^"auced to flow at 

eiocaty through the conduit. 

• ^ f°r removing a select^H 

from a stream of fluid cLl component 

co^onents, comprisLg. ' ^^""^^^^ ^"-s 

- n.eans for inducing said stream to flow at su 

velocity through a conduit so as to decrease th"'' 

temperature of the fluid to .elow a seiec ed t 

at Which one of condensation and solld.f . 

selected component occurs thereb/fo " 

the selected component, the con.Lr"' '"''^'^^ °' 

swirl imparting means to impart a sw -' 

stream of fluid thereby indue" th ' ""'^^ '° 

a radially outer section of I eoUertr"""" " ^° 
stream; collecting zone in the 

means for creating a shock wave in the ,^ 
to decrease the axi;,i , , • stream so as 

tne axial velocity of the finsw +. 
velocity; and ^ subsonic 

means for extracting the particles inf. 
stream from said radially outL sect . " 

--t:^- r ------ 

9- The device of claim 8, wherein 

the stream to flow at a / ^"'^"^^"S 

^aval-type inlet of th ^ 
ype iniet of the conduit, and wher*.<n 4-k 

ixruser is larger than 
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the smallest cross-sectional flow area of the Laval-type 
inlet. 

10. The device of claim 8 or 9, wherein said collecting 
zone is located adjacent the outlet end of the diffuser. 

11. The device of any one of claims 7-10, further 
comprising a gas/liquid separator having an inlet in 
fluid communication with said outlet stream and an outlet 
for a gaseous fraction of said first outlet stream. 

12. The device of claim 11, wherein the outlet for the 
gaseous fraction is connected to an inlet of the conduit 
so as to mix the gaseous fraction with the stream of 
fluid flowing at supersonic velocity through the conduit. 

13. The method substantially as described hereinbefore 
with reference to the drawings. 

14. The device substantially as described hereinbefore 
with reference to the drawings. 
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